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We believe that the basic answer to the first question - is the software radio a quantum improvement that will drive a new spectrum allocation paradigm using ultra wideband spreading - is no.  Briefly, this is because:





The software radio is not a fundamental breakthrough in communications theory.  The software radio will support more rapid introduction of new technologies and will also support less costly wireless devices capable of supporting multiple protocols. The dynamic range of signal power that can be detected by a software radio is limited by the resolution of the A-to-D converters and is significantly less that the power variations encountered in wireless signals. This limits the usefulness of software radios as weak signals can easily be masked by stronger signals even if they occupy different bands.


Recent results in information theory by Gallager and Medard in a paper that will shortly be published indicate that as spreading gain increases, system capacity suffers, tending in the limit to zero.  These results depend on the character of the communications channel - fading environment, delay spread and the speed of the mobiles.  Generally, shorter-range systems (lower delay spread) can tolerate wider amount of spreading; longer range system (greater delay spread) can tolerate lesser amount of spreading.  However, this result fundamentally indicates that natural limits on the amount of spreading - and thus on the size of spectrum allocation blocks - exist depending on the characteristics of the communications channel and the mobility of the users.


Beyond the fundamental information theory limitations, wideband spreading (and de-spreading) is costly and power consumptive, due to the high operational speed at which the ICs must operate. To combat this, ICs will be designed at lower supply voltages; however this has the negative effect of lowering dynamic range and thus harming the ability of the system to detect and decode weak signals in the presence of other interferers.


.





However, the trend towards allocation of spectrum in larger blocks and the establishment of general rules for utilization of that spectrum should continue.  The Part 15 ISM Band Rules adopted in the 1980's began this trend, and industries worth billions of dollars per year have appeared.  In the 1990's, the notion of a Spectrum Etiquette (a term coined by Bell Labs) appeared, leading to the allocation of unlicensed spectrum at 1.9 GHz under a set of rules.  Our view is that increased use of such spectrum will lead to further explosions of new technologies and applications.  This regulatory approach may be the most logical way to provide spectrum for wireless internet services.  However, given the theoretical results mentioned above, such spectrum can be allocated in natural "blocks" (or channelized into such blocks) whose sizes depend on the system range (and thus, loosely, on the allowable transmit power).  This leads to a potential regulatory philosophy of allocating small blocks for unlicensed devices with more stringent transmit power limitations, and allocating somewhat smaller blocks for unlicensed devices with less stringent transmit power limitations.  As a very rough example, blocks for low power (< 100 mW) could be 100 MHz or greater; blocks for greater power (> 1 W) could be limited to 25 MHz.   Going forward, the following two technical issues will need to be addressed:





There are a variety of emerging wireless technologies such as BLAST, Orthogonal Frequencey Division Multiplexing and spatial multiplexing which should be considered as alternatives to wideband CDMA as they provide potentially superior alternatives for ultrahigh speed, spectrally efficient wireless communications. 


Even without strict regulation we will need the enforcement of new spectrum etiquettes for these blocks of spectrum, to allow new services based on the particular wireless communications protocol selected for the block.














